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One of the most common causes of salmonellosis of man and
poultry is Salmonella Enteritidis which is often found in the digestive
system of adult birds. The infected birds do not display any evident
clinical symptoms and, at the same time, they excrete the bacteria into
the surrounding environment. Studies are carried out by standard
microbiological procedures which include the isolation of Salmonella
spp. in egg yolks and their serologic typization by agglutination on
microplates. Along these methods, studies on the possibility to use an
enzyme immunoassay, such as cELISA, in order to detect the presence
of specific antibodies on Salmonella Enteritidis in egg yolks are carried
out intensively.
The presence of specific antibodies for Salmonella Enteritidis is
detected in egg yolk samples from vaccinated flocks resulted in
specific positive for a total of 72.22%. Egg yolk samples originating from
hens of an unknown immunologic status were cELISA positive in a total
of 1.66%. However, egg yolk samples from non-vaccinated hens were
positive on the presence of specific antibodies for Salmonella
Enteritidis in 23.07% cases.
Bearing in mind that standard bacteriological methods did not
confirm the presence of Salmonella Enteritidis in egg yolk samples and
that cELISA did establish the presence of specific antibodies in the
tested samples it can be concluded that cELISA is a more sensitive test.
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INTRODUCTION
Competitive ELISA is proven to be a more sensitive diagnostic method
when compared to classical bacteriological methods of isolation of Salmonella
Enteritidis from egg yolk samples. The cELISA can be used in order to determine
the presence of specific Salmonella Enteritidis antibodies in egg yolks originating
from layer flocks previously vaccinated against the aforementioned agent.
Serologic diagnostics is extensively used in the identification of infections
caused by Salmonellae, as well as to follow-up the poultry immune response after
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vaccination. Besides, it makes it possible to determine the optimal time for poultry
vaccination against salmonellosis.
As mammals transfer specific antibodies to their offspring by means of
colostrum, so do birds sensibilized with Salmonella spp. antigens after natural
infection or vaccination, as they synthesize specific antibodies which are
transmitted transovarially. ELISA analysis of egg yolk samples helps the
identification of birds sensibilized to Salmonella antigens.
Previous studies have confirmed that specific antibody titer values in egg
yolk samples are in a high correlation with values obtained from respective blood
serum samples. The obtained correlation levels were within the range from 0.84 to
0.97 (Nikolas and Andrews, 1991). Piela et al. (1984) have found in egg yolks
lower values for specific antibody titer values during the first and second week
after vaccination or exposure to Salmonella spp. These results can be explained
by the fact that in the egg yolk IgG are dominant, while IgM are present the first few
days after immunization, as well as being the consequence of the primary immune
response to salmonella antigens (Piela et al., 1984).
Results published by Kramerra and Choa (1970) have demonstrated that
different poultry species eggs have a small capacity to deposit specific
antibodies. Edgvall, Parmann and Jonsonn (1971) have described the
implementation of ELISA tests in order to determine the titer values of higher
immunoglobulin classes in poultry serum samples. Results (Piela et al., 1984)
have shown clear differences in specific antibody concentrations in different yolk
layers originating from vaccinated and non vaccinated flocks. Authors have
established that IgG classes are present in egg yolks in the highest concentration,
whereas IgM classes are found at highest concentrations during the first two
weeks of infection or post vaccination. The same authors have described in their
studies two similar methods to extract yolks needed for hemagglutination tests.
The first method consists in the dilution of egg yolks with PBS in a ratio of 1:1
followed by centrifugation. The supernatant is than carefully separated and used
to carry out the test. The second method comprises the treatment of aqueous yolk
extract with chloroform diluted at 1:2 in order to extract lipids present in the egg
yolk. The presence of specific antibodies present in the egg yolk was detected by
the microalbumin test with the Salmonella Enteritidis and Salmonella Pullorum
antigens 9 days after infection of laying hens (Gast and Beard, 1991). By using
monoclonal antibodies (ASCII) to detect Salmonella Enteritidis by the ELISA
method Brigmon et al. (1992) have determined the degree of sensitivity and
specificity of the ELISA test with monoclonal Salmonella Enteritidis antibodies.
Specific antibodies are detected at large egg yolk dilutions of the tested
samples, which with the use of this method has enabled a fast determination of
infected flocks (Ekelijn et al., 2006). By ELISA test it is possible to identify the
presence of specific Salmonella Enteritidis antibodies present in egg yolks even
after one year (Sachsenweger et al., 1994), as in the samples of blood sera of
examined chickens (Findik et al., 2010).
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MATERIALS AND METHODS
The presence of specific Salmonella Enteritidis antibodies was studied in
egg yolk samples originating from different hybrids, age groups, categories and
immune status (vaccinated and non vaccinated flocks). A total of 730 samples
was analyzed, out of which 390 were from non vaccinated laying hens aged 40
weeks, 220 samples were from vaccinated laying hens of the same hybrids and
age group and 120 samples were from laying hens of different hybrids, age group
and unknown immune status.
In our experiment in order to study the presence of specific Salmonella
Enteritidis antibodies in egg yolk samples a competitive ELISA Flock Check SE
(IDEXX) kit was used.
Preparation of egg yolk samples. Egg yolk samples were twice diluted (ratio
1:1 i.e. 100 µL sample + 100 µL solvent) and homogenized before being placed
into the bottom of the wells of ELISA Flock Check microtiter plates.
Results were read with the aid of a spectrophotometer. The absorbance of
the developed blue color was determined at 650 nm. Interpretation of the
obtained cELISA Flock Check SE kit readings was performed according to the
given instructions with a double sample rinse, and with samples which
represented a positive and a negative control.
According to the given manufacturer’s instructions it was required to test
every egg yolk sample, including the positive and negative controls, and thereof
to calculate the obtained readings according to specific mathematic formulas.
Values were calculated as S/N i.e. by dividing the mean absorbance values of the
tested sample (S) by the value of the absorbance of the negative control (N).
When the calculated value was larger or equal to 0.75 it was considered as
negative, if the calculated value was in the range from 0.60 to 0.74 it was classified
as doubtful and the test was repeated. However, if the obtained result was smaller
or equal to 0.59 the sample was considered to be positive and the obtained result
was confirmed by standard methods.
The samples of the egg shell and egg yolk were examined on the presence
of pathogenic bacterias by using the classical bacteriological methods for their
isolation and identification.
RESULTS
Egg yolk samples from non vaccinated laying hens. Out of the 390 tested
egg yolk samples of non vaccinated laying hens the presence of specific
Salmonella Enteritidis antibodies was determined by cELISA in a total of 90
samples. A total of 300 tested samples had average absorbance values over 0.75
and were considered to be negative. In this set of tests there were no doubtful
samples (Table 1, Figure 1).
Acta Veterinaria (Beograd), Vol. 61, No. 2-3, 205-214, 2011. 207
Radoji~i} Marina et al.: Study of the presence of specific Salmonella Enteritidis
antibodies in chicken egg yolks by competitive cELISA method
Table 1. cELISA tast adsorbance values. Egg yolk samples from non vaccinated
layer hens






(non specific – repeated)
 0.75
(negative)
390 90 0 300
Egg yolk samples from vaccinated laying hens. Out of a total of 220 egg yolk
samples originating from vaccinated flocks the presence of specific Salmonella
Enteritidis antibodies was determined in a total of 160 samples whose average
absorbance values were 0.59 or less. In 60 samples specific antibodies were not
detected as the average absorbance values were 0.75 or over. In this set of trials
there were no doubtful readings (Table 2, Figure 2).
Table 2. cELISA tast adsorbance values. Egg yolk samples from vaccinated layer
hens






(non specific - repeated)
 0.75
(negative)
220 160 0 60
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Figure 1. Results of egg yolk samples testing for Salmonella Enteritidis specific antibodies
in non vaccinated flocks
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Figure 2. Results of testing for Salmonella Enteritidis specific antibodies in egg yolk
samples originating from vaccinated flocks








Egg yolk samples from different hybrids of laying hens, different age groups
and unknown immune status. By cELISA testing of a total of 120 egg yolk samples
from different hybrids of laying hens, different age groups and unknown immune
status the presence of specific Salmonella Enteritidis antibodies was determined
in only 2 samples. The remaining 118 samples were found to be negative as the
absorbance values were 0.74 and higher (Table 3, Figure 3).
Table 3. cELISA tast adsorbance values. Egg yolk samples from layer hens of
unknown immunological status, provenience or age








Parallel to the studies on specific Salmonella Enteritidis antibodies present
in egg yolks of vaccinated and non vaccinated laying hens using ELISA Flock
Check SE kit we attempted to isolate Salmonella Enteritidis on pre-enrichment
media, as well as on selective enrichment media.
At the same time, egg shell specimens were taken for bacteriological
analysis.
Salmonella Enteritidis were not isolated in the 390 egg yolk samples
originating from non vaccinated flocks. However, cultures made from egg shell
were in 40 cases Pseudomonas spp. positive. After incubation of the 220 seeded
egg yolk samples from the vaccinated flock no Salmonellae were isolated, thus
the samples were considered to be sterile. Hence, it has been proven that specific
Salmonella Enteritidis antibodies in the studied samples are the result of
vaccination and not the result of infection with the above mentioned bacteria. The
120 egg yolk samples of eggs originating from layer hens of different lines, age
groups and unknown immune status no Salmonellae were isolated. Cultures
made from egg shell were in 20 cases Pseudomonas spp. positive.
Results of studies on the presence of Salmonella Enteritidis in egg yolk and
shell samples performed by standard bacteriologic methods are shown in Table 4
and Figure 4.
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Figure 3. Results of testing for Salmonella Enteritidis specific antibodies in egg yolk
samples from layer hens of unknown immunological status, provenience or age










In 1969 the term egg yolk immunoglobulin, named as IgY, was introduced
for the first time. During the following decade it was established that IgY differs
210 Acta Veterinaria (Beograd), Vol. 61, No. 2-3, 205-214, 2011.
Radoji~i} Marina et al.: Study of the presence of specific Salmonella Enteritidis
antibodies in chicken egg yolks by competitive cELISA method
Table 4. Results of the presence of Salmonella spp, as well as other bacteria in egg








yolks 220 0 0 0 390 0 0 0 120 0 0 20
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Figure 4. Results of the presence of Salmonella spp, as well as other bacteria in egg shell
and yolk samples originating from laying hens











from class G immunoglobulin present in mammals both in structure and
physiological functions. During the 90'ties it was discovered that IgY are more
resistant to physical and chemical environmental changes when compared to
other classes of immunoglobulins. Until the beginning of the 21 century it was not
clear against which antigens IgY are synthesized, bearing in mind that antibodies
present in layer hen egg yolks can bind to antigens of a number of bacteria with
which the birds come into contact. Since 2002. a number of studies have been
carried out in order to determine the role of Salmonella spp. in the induction of the
synthesis of this class of immunoglobulin by infected birds.
Depending on the methodology, results of the tests on same samples could
differ significantly. That depends on the antigen that has been used in order to
cover the polystyrene ELISA plates. Most often, ELISA kits are based on bacterial
lypopolisaccharide (LPS) antigen that is pre-fixed on to the bottom of the well.
Flagellar gm antigen, as well as deflagellar whole bacterial Salmonella Enteritidis
cells - DEWC antigen (Muzimoto et al., 2006; Ekelijn et al., 2006), as antigens are
in use. Peilla et al. (1984) showed us that in egg yolk originated from laying hens
that were infected with Salmonella, besides IgY, one can readily find a significant
level of IgG, whereas concentration of IgM can vary, depending on the time period
of examination.
ELISA kits that have been studied can be used only as a screening test.
However, their advantage is that they can detect birds that have a high level of anti-
Salmonella Enteritidis antibodies in egg yolk samples and in the blood sera of
examined poultry (Van Zijadervald, 1993; Findik, 2010). In order to clarify whether
a bird is immune as a consequence of vaccination or infection after use ELISA
Flock Check SE kit, one has to perform classical microbiology tests (Brigmon,
1995). In Europe, Denmark was one of the first countries to set a routine testing
scheme by cELISA (Feld et al., 2000). This competitive immunoenzyme
diagnostic kit gives the least inconclusive results. Most often, such
immunoenzyme methods use a specific marker protein originating from
Salmonella Enteritidis, so called Flic-specific 9-kDa polypeptide which acronym is
SEP9 (Mizumoto et al., 2006). However, manufacturers of such diagnostic ELISA
kits, insists flocks to be vaccinated with the marker protein immunogene i.e.
vaccine that is produced by the same pharmaceutical company.
Results of the test using cELISA showed 23.07% positive samples
originating from non-vaccinated flocks, whereas 76.93 % of the egg yolk samples
were negative. This results are in accordance with others Gast et al. (1997)
confirming that cELISA has a better sensitivity value for infected birds detection in
comparison with standard bacteriological diagnostic methods.
Competitive ELISA showed that specific anti-Salmonella Enteritidis
antibodies in egg yolks originating from the vaccinated flock were present in
77.22% of samples. Our results are in accordance with other laboratories.
Relatively low level of sensitivity of cELISA is the reason why specific anti -
Salmonella antibodies can not be detected in egg yolks from all birds originating
from vaccinated flocks.
Competitive ELISA results of specific anti-Salmonella Enteritidis antibodies
presence in egg yolk from birds with unknown immune status show that 1.66% of
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the samples were positive i.e. have the specific immunoglobulin. Results of our









1. Agunos A, Silphaduang U, Mine Y, 2006, Effects of nonimmunized egg yolk powder-supplemented
feed on Salmonella enteritidis prevention and elmination in broilers, Avian Dis, 50, 3, 366-73.
2. Ang-Kucuker M, Tolun V, Helmuth R, Rabsch W, Buyukbaba-Bora O, Torumkuney-Akbult D et al.,
2000, Phaga tuper, antbiotic susceptibilities and plasmid profiles of Salmonella typhimurium
and Salmonella enteritidis strains isolated in Istanbul, Turkey, Clinical Microbiol Infect, 6, 593-9.
3. A{anin R, Krnjai} D, Plav{i} B, Mi{i} D, 2000, Zna~aj poznavanja antigene srodnosti me|u
bakterijama, Zbornik radova i kratkih sadr`aja, XII savetovanje veterinara Srbije, 202-7.
4. Barrow PA, 1997, Vaccination against Salmonella in Poulutry, Institute for Animal Health Compton,
Nr Newbury, Berkshire R, 6207 NN UK, 1-8.
5. Barrow PA, Mead GC, Wary C, Duchet-Suchaux M, 2003, Control of food -poisoning salmonella in
poultry-biological options, World Poult Sci J, 59, 373-81.
6. Berchieri A, Barrov PA,1995, Examination by Elisa of sera obtained from chicken breeder and rayer
flocks showing evidence of fowl typhoid or pullorum disease, Avian Pathol, 24, 3, 411-20.
7. Brigmon RL, Zam SG, Bitton G, Farrach SR, 1992, Detection of Salmonella enteritidis in
environmental samples by monoclonal antibody-based ELISA, J Immunol Methods, 152, 1,
135-42.
8. Brigmon RL, Zam SG, Wilson HR, 1995, Detection of Salmonella enteritidis in eggs and chicken with
enzime-linked immunosorbent assay, Poult Sci, 74, 7, 1232-6.
9. Charlse SD, Sreevatsan S, Bey RF, Sivanandan V, Halvorson DA, Nagaraja KV, 1996, A dots
immunobinding assay (dot-ELISA) for the rapid serodiagnosis of Salmonella enteritidis
infection in chickens, J Vet Diagn Invest, 8, 3, 310-4.
10. Cooper GL, Thorns CJ, 1999, Evaluation of SEF 14 fimbrial dot blot and flagellar Wester blot test as
indicatotors of Salmonella Enteritidis infection in chickens, Vet Rec, 148-53.
11. Desmidt M, Haesebrouck F, Ducatelle R, 1994, Comparison of the Salmonella-Tek ELISA to culture
methods for detection polutry, Zentralbl Veterinarmed B, 41, 7-8, 523-8.
12. Engvall E, Jonsson K, Perlmann P, 1971, Enzyme – linked immunosorbent assay. Quantitative
assay of protein antigen immunoglobulin G, by means of enzyme-labelled antigen and
antibody-coated tubes, Biochim Biophys Acta, 251, 3, 427-34.
13. Ekelijn T, Annemarie B, van Eerden E, Landman W J M, van Knapen F, Arjan S et al., 2006, Detection
of egg yolk antibodies reflecting Salmonella enteritidis infections using a surface plasmon
resonance biosensor, J Immunol Methods, 315, 68-74.
14. Feld NC, Ekeroth L, Gradel KO, Kabell S, Madsen M, 2000, Evaluation of a serological Salmonella
mix-ELISA for poultry used in a national surveillance programe, Epidemiol Infect, 125, 2, 263-8.
15. Findik A, Buyuktanir O, Yurdusev N, 2010, LPS and Flagellin-Based Models for Serological
Screening and Confirmation Infections in Chikens, Kafkas Univ Vet Fak Derg, 16, 3, 487-92.
16. Furrer B, Baumgartner A, Bommeli W, 1993, Enyzme-linked immunosorbent assy (ELISA) for the
detection of antibodes against Salmonella enteritidis in chicken blood and egg yolk, Zentralbl
Bakteriol, 279, 2, 191-200.
17. Gast RK, Beard CW, 1991, Detection of Salmonella serogroup D-specific antibodies in the yolks of
eggs laid by hens infected with Salmonella enteritidis, Poult Sci, 70, 5, 1273-6.
212 Acta Veterinaria (Beograd), Vol. 61, No. 2-3, 205-214, 2011.
Radoji~i} Marina et al.: Study of the presence of specific Salmonella Enteritidis
antibodies in chicken egg yolks by competitive cELISA method
18. Gast RK, Nasir MS, Jolley ME, Holt PS, Stone HD, 2002, Detection og experimental Salmonella
enteritidis and Salmonella typhimurium infections in laying hens by fluorescence polarization
assay for egg yolk antibodies, Poult Sci, 81, 1128-31.
19. Gast RK, Guard-Petter J, Holt PS, 2002, Characteristics of Salmonella enteritidis contamination in
egg after oral, aerosol and intravenous inoculation of laying hens, Avian Dis, 46, 3, 629-35.
20. Isomaki O, Vuentor R, Granfors K, 1989, Serological diagnosis of salmonella infection by enzyme
immunuassay, Lancet, 1, 8652, 1411-4.
21. Kassaify ZG, Li EW, Mine Y, 2006, Identification of antiadhesive fraction in nonimmunized egg yolk
powder: in vitro study, J Agris Food Chem, 53, 11, 4607-14.
22. Keller LH, Benson CE, Garcia V, Nocks E, Battenfelder P, Eckroaole RJ, 1993, Monoclonal antibody-
based detection system for Salmonella entreitidis, Avian Dis, 37, 502, 507.
23. Lee EN, Sunwoo HH, Menninen K, Sim JS, 2002, In vitro studies of chicken egg yolk antibody (IgY)
against Salmonella typhmurium, Poult Sci, 81, 5, 632-41.
24. McMullin PF, Gooderham KR, Hayes G, 1997, A commercial Salmonella Enteritidis ELISA
test:results arising for its use in monitoring for infection and respons to an inactivated vaccine,
Presented at the World Veterinary Poultry Association Congress, Budapest.
25. Mizumoto N, Yukiko Toyota-Hanatami, Kazumi Sasai, Hiroyki Tani, Tomoya-Ekawa, Hiroaki-Ohta,
Eiichiroh Baba, 2004, Detection of specific antibodies afainst delgaellated Salmonella
Enteritidis and S.Enteritidis FLIC-specific 9kDa polypeptide, Vet Microbiol, 5, 99, 113-20.
26. Protais J, Colin P, Baumont C, Gaillot JF, Lantier F, Pardon P et al., 1996, Line differences in
resistance to Salmonella Enteritidis PT-4 infection, British Poult Sci, 37, 2, 329-39.
27. Solano C, Galindo J, Sesma B, Alvarez M, Solsona MJ, Gamazo C, 2000, Enzyme-linked
immunosorbent asay with Salmonella Enteritidis antigen for differentiating ingected from
vaccinated poultry, Vet Res, 31, 5, 491-7.
28. Van-Zijderveld FG, Van-Zijderveld-van Bemmel AM, Brouwers RA, de Vries TS, Landman WJ, de
Jong WA, 1993, Serological detection of chicken flocks naturally infected with Salmonella
enteritidis, using an enzyme-linked immunosorbent assay based on monoclonal antibodise
against the flagellar antigen, Vet Q, 15, 4, 135-7.
29. Wierup M, Engstrom B, Engvalla A, Wahlstrom H, 1995, Control of Salmonella Enteritidis in Swedan,
Int J Food Microbiol, 25, 3, 219-26.
30. Yap LF, Low S, Liu W, Loh H, Teo TP, Kwang J, 2001, Detection and screening of Salmonella enterica
subspecies enterica serovar Gallinarum biovar pullorum, Avian Dis, 39, 3, 594-8.
ISPITIVANJE PRISUSTVA SPECIFI^NIH ANTITELA NA SALMONELLA ENTERITIDIS
U @UMANCETU JAJETA KOKO[I NOSILJA KOMPETITIVNOM cELISA METODOM
RADOJI^I] MARINA, MILI] N, NI[AVI] J i MARKOVI] MAJA
SADR@AJ
Jedan od naj~e{}ih uzro~nika salmoneloze ljudi i `ivine je Salmonella
Enteritidis. Pomenuti uzro~nik se ~esto nalazi u digestivnom sistemu odrasle `ivi-
ne koja ne pokazuje klini~ki manifestne simptome oboljenja odakle se izlu~uje u
spolja{nu sredinu fecesom. Ispitivanja se sprovode kako primenom standardnih
metoda bakteriolo{ke dijagnostike koje obuhvataju izolaciju Salmonella spp. iz
`umanceta koko{ijeg jajeta i njihovu serolo{ku tipizaciju metodom aglutinacije na
plo~ici. Tako|e se pored klasi~ne aglutinacije u mikrotitracionim plo~ama vr{e is-
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pitivanja imunoenzimskom probom - ELISA, radi otkrivanja prisustva specifi~nih
antitela na Salmonella Enteritidis u uzorcima `umanceta jaja koko{i nosilja.
Na{a ispitivanja su imala za cilj da provere valjanost kompetitivne imunoen-
zimske probe - cELISA za utvr|ivanje prisustva specifi~nih antitela protiv navede-
nog uzro~nika u uzorcima `umanaca jaja poreklom od koko{i nosilja.
Prisustvo specifi~nih antitela za Salmonella Enteritidis ustanovljeno je pri-
menom cELISA kod 72,22% ispitanih uzoraka `umanaca jaja poreklom od vak-
cinisanih jata i kod 1,66% uzoraka poreklom iz jata nepoznatog imunolo{kog sta-
tusa. Kod 23,07% ispitivanih uzoraka `umanaca jaja poreklom od nevakcinisanih
jata ustanovljeno je prisustvo specifi~nih antitela za Salmonella Enteritidis prime-
nom metode cELISA.
S obzirom da klasi~nim bakteriolo{kim metodama izolacije nije ustanov-
ljeno prisustvo Salmonella Enteritidis u ispitivanim uzorcima, a da je primenom
metode cELISA utvr|eno prisustvo specifi~nih antitela, mo`e se zaklju~iti da je
cELISA osetljivija dijagnosti~ka metoda.
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